Fungi have provided the world with penicillin, lovastatin, and other globally significant medicines, and they remain an unexploited resource with huge industrial potential. Fungi are an understudied, biotechnologically valuable group of organisms, due to the huge range of habitats that fungi inhabit, fungi represent great promise for their application in biotechnology and industry. This review demonstrate that fungal mycelium as a medium, the vegetative part can potentially be utilized in plastic biodegradation and growing alternative and sustainable materials. Innovative fungal mycelium-based biofoam demonstrate that this biofoam offers great potential for application as an alternative insulation material for building and infrastructure construction.
INTRODUCTION
Plastic is a naturally refractory polymer, once it enters the environment, it will remain there for many years. Accumulation of plastic as wastes in the environment poses a serious problem and causes an ecological threat. [1] . The rapid development of chemical industry in the last century has led to the production of approximately 140 million tons of various polymers annually [2] . Many of these are non-biodegradable and persist almost identify in an environment, their accumulation has triggered research to develop more readily degradable materials and identify new methods for eliminating existing polymer waste [3] . Biodegradation of polymers is seen as one of the solution for current plastic waste management problems. Microorganisms are capable of degrading most of the organic and inorganic materials. Plastic materials have gained widespread use as they have been increasingly used in food, clothing, shelter, transportation, construction, medical and leisure industries. Plastics are composed of petroleum based materials called resins (e.g., polythene, polypropylene and polyurethane) materials that are resistant to biodegradation. [4-6].
MYCOREMEDIATION FOR A GREENER ENVIRONMENT
Polyurethane (PU) not only has applications including tires and insulation, but also is an essential element of our lives. Based on previous reports, some strains of fungus including Pestalotiopsis microspora have been reported to degrade this plastic. The ultimate objective is to create a genetically engineered variant of Pichia pastoris which will digest polyester polyurethane (PUR) using the enzyme responsible for PUR degradation from Aspergillus flavus. Esterase, the enzyme responsible biodegradation could be due to utilization of this material as carbon or nitrogen source by the microorganisms [8, 9] .
Russell et al, [10] reported that two Pestalotiopsis microspora isolates were uniquely able to grow on polymer polyester polyurethane (PUR) as the sole carbon source under both aerobic and anaerobic conditions. Molecular characterization of this activity suggests that a serine hydrolase is responsible for degradation of PUR. The broad distribution of activity observed and the unprecedented case of anaerobic growth using PUR as the sole carbon source suggest that endophytes are a promising source of biodiversity from which to screen for metabolic properties useful for bioremediation.
Degradation of polymer was confirmed by ligninolytic white rot fungi, Phanerochaete chrysosporium and observed by weight loss, decrease in thickness, decrease in intensity of functional groups like C (O) NH, CO and formation of new functional groups like COOH and CHO. Also the color of polymer sheets becomes brownish and surface morphology become rough when sheets are exposed to Phanerochaete chrysosporium fungi which shows effect of enzymatic activity on polymer sheets [11] . Fungi play major roles in decomposition, nutrient cycling, plant symbiosis and pathogenesis of bio wastes and thus make it an element of fundamental importance in terrestrial ecosystems. They are also used as a tool for biological control against pests and diseases of plants on the other hand it has the ability to transform toxic metals in the context of bioremediation. Mycelia growth and function can be influenced by simulated environments like homogeneous and heterogeneous conditions [12, 13] .
Raaman, et al, [4]
Resulted that polythene strips treated with Aspergillus niger and Aspergillus japonicus showed appreciable surface corrosion, folding and cracks under laboratory conditions, due to the fungal extracellular metabolites and fungal enzymes. Polyethylene was studied over a period of 2 and 4 weeks. Biodegradation was measured in terms of mean weight loss, which was nearly 8 to 12% after a period of 4 weeks. Further, SEM analysis confirmed the degradation revealing the presence of porosity and fragility of the fungal degraded polythene surface. Aspergillus japonicus showed 12% degradation potential when compared to Aspergillus niger of 8% degradation in one-month period.
LACCASE ENZYME
Laccase enzyme has broad substrate specificity towards aromatic compounds containing hydroxyl and amino groups which were considered the main compound forming common commercial plastic. These enzymes were known to catalyze the oxidation of a wide range of phenolic compounds and aromatic amines. Laccase secretion in fungi is influenced by culture conditions such as nature and concentration of carbon and nitrogen sources, media composition, pH, temperature, and the presence of inducers… etc. [14] . Laccases are blue multicopper oxidases, which catalyze the monoelectronic oxidation of a broad spectrum of substrates, for example, ortho-and para-diphenols, polyphenols, aminophenols, and aromatic or aliphatic amines. Hence, they are capable of degrading lignin and are present abundantly in many white-rot fungi. They act on both phenolic and nonphenolic lignin-related compounds as well as highly recalcitrant environmental pollutants, and they can be effectively used in paper and pulp industries, textile industries, xenobiotic degradation, and bioremediation and act as biosensors. Recently, laccase has been applied to nanobiotechnology, which is an increasing research field, and catalyzes electron transfer reactions. [14] showed that the Myceliophthora sp. Fungus, capable to produce Laccase enzyme in optimum conditions for the enzyme producing are pH (5.0) and temperature 30゚ C. The scanning electronmicroscope results showed that the fungi Myceliophthora Sp. Which grow with plastic pieces able to erode the plastics surface in a high percent this due to activity of Laccase enzyme. pH concentrations were used to find out which is the best pH level can the fungi secrete Laccase enzymes in higher level. Safari et al., [17] recorded that culture pH is an index of fungi enzyme activity; wherever the pH was low, fungi activity was high. Incubation temperature to produce Laccase enzymes from the fungus Myceliophthora sp. was 30C. So temperature effect on fungus Laccase productivity. Laccase was the responsible enzyme due to its non-specific oxidative action. Biodegradation of plastic with Myceliophthora sp. Is the greatest so far observed.
MYCOMATERIAL PRODUCTION
A few years ago, mushrooms were only considered as an edible vegetable for cooking but now, its derivatives made from agricultural wastes like stalks or seed husks with fungal mycelium which acts as a self-assembling glue can be used for a more noble purpose. Fungus mycelium act as a natural glue, where it latches onto whatever around it which is usually any low value organic matter like plant stalks or cotton hulls to create a super-dense network of threads [18] . The fungi based mushroom packaging material can be considered as an alternative to conventional plastic and are cost competitive to any other standard foams. Polystyrene foam whose main component is derived from petroleum or natural gas is a prominent packaging material. Incorporating mycelium based materials for packaging could help in reduced polystyrene foam consumption, and will eventually lead the way for eco-friendly packaging, without any compromise on cost or performance [19] [20] [21] . Mycelium is a fast growing vegetative part of a fungus which is a safe, inert, renewable, natural and green material which grows in a mass of branched fibres, attaching to the medium on which it is growing and can be originated from mainly biological wastes and agricultural wastes. The self-assembling bonds formed by mycelium grows quickly and produces miles of tiny white fibres which envelopes and digest the seed husks, binding them into a strong and biodegradable material. Mycelium based materials have the potential to become the material of choice for a wide variety of applications, with the advantage of low cost of raw materials and disposal of polystyrene posing an environmental issue. [22, 23] . As the mycelium grows, a network of branching hyphae, primarily composed of chitin, binds together the nutritive substrate consisting of biomass and creates a vast three-dimensional matrix. Biofoams offer several additional advantages over polymeric foams, including low cost of production, fast renewability, and carbon capture and storage, and can serve as replacements for the petroleum-based polymeric materials for applications in insulation, lightweight fill, packaging, noise control, and sandwich panels [1, 24] . The mycelium (mushroom roots) can be grown in a mold to form different shapes for different items and they grow quickly into a dense material. Once reaching the desired density and shape, the material is dehydrated, to stop further growth. After its useful life as a packaging material, mycelium based materials can be left out in your backyard and it decomposes within a few weeks. The material is much cheaper when made on a grand scale and is a lot easier to biodegrade than recycling [25, 26].
MYCELIUM-BASED FOAMS
Increasing attention has been paid to mycelium-based biocomposites as alternative materials to synthetic packaging and insulation panels, as well as developing a new-concept bio-inspired design. Since this is still a pioneering field. Reducing the use of non-renewable resources is a key strategy of a circular economy. Mycelium-based foams and sandwich composites are an emerging category of biocomposites depending on lignocellulosic wastes and the natural growth of the living fungal organism. While growing, the fungus cements the substrate. The final product can be shaped to produce packaging materials, bricks or new-design objects. Only a few pioneer companies in the world retain a significant know-how, as well as the ability to provide the material characterization [27-29]. Yang et al., [1] reported that fungal mycelium-based biofoam is relatively lighter weight than water, soils, or most other materials used in the civil engineering industry, the dried biofoam demonstrates good thermal conductivity, this biofoam exhibits fairly good elastic moduli when it is dried, this biofoam exhibits strong elastic anisotropy, this biofoam has met or exceeded like characteristics of the conventional polymeric thermal foams except dry density.
CONCLUSION
This review demonstrates that microorganisms especially fungi are capable of degrading most of the organic and inorganic materials. Fungal mycelium-based biofoam offers great potential for application as an alternative insulation material for building and infrastructure construction, or an alternative lightweight backfill material for geoengineering and other.
